Introduction {#S0001}
============

In spinal tumors treatment, the surgical intervention aims toward decompression, either by direct removal of metastatic tissue or indirectly by palliative posterior laminectomy. These operations can be usually performed without any major bleeding problem. After meta-analysis of 18 papers, Chen et al. reported average estimated perioperative blood loss to be 2180 ml.^[@CIT0001]^

Currently, there is no consensus about how to reduce the intraoperative risk of hemorrhage in spinal decompression surgery of hypervascular spinal tumors, such as aggressive hemangioma, multiple myeloma, plasmacytoma, metastasis of renal cell carcinoma. Major intraoperative blood loss in spine surgery is associated with an increased risk for surgical site infection^[@CIT0002],\ [@CIT0003]^ and it also causes multiple end organ damage including spinal cord ischemia, thus, potentially is associated with poor surgical outcome.^[@CIT0004]^

Hypotensive anesthesia, careful tissue handling, hemostasis during surgery, and minimizing operative duration can help control blood loss. Measures routinely used to minimise blood loss include the assessment and correction of coagulopathy; the use of antifibrinolytic drugs, such as tranexamic acid; prevention of hypothermia; intraoperative ligation of feeding vessels; the use of bipolar electrocautery.^[@CIT0001],\ [@CIT0005]^

The diagnosis of spinal tumors may represent an advanced stage of disease and patients undergoing surgery for a spinal tumor are often elderly, with compromised cardiovascular status, impaired immune system and poor physiological reserves, all of which render them more susceptible to the complications of intraoperative blood loss and transfusion.^[@CIT0001],\ [@CIT0006]^

Treatment of hypervascular spine tumors is challenging as surgeons may experience profuse intraoperative bleeding which is difficult to control.^[@CIT0007]^ Intraoperative hemorrhage can be sometimes massive in patients with hypervascular spinal tumors, especially in radical resection such as total en bloc spondylectomy.^[@CIT0008]^

The use of selective arterial embolization to treat bone tumors was first described in 1975 by Feldman et al.^[@CIT0009]^ Several case series have described the technical aspects of vertebral tumor embolization and suggested benefits of preoperative embolization on decreasing perioperative blood loss.^[@CIT0010]--[@CIT0013]^ However, it is doubted that embolization has no alternatives.

The use of local agents to achieve hemostasis is an old and complex subject in surgery and active used in neurosurgery since early 20th century.^[@CIT0014],\ [@CIT0015]^ Although many new materials are presented each year, the best hemostatic agents have been the same for several decades. When applied topically, these agents can effectively control diffuse intraoperative bleeding. However, the appropriate use of haemostats requires a certain understanding of their advantages, limitations and the nature of complications associated with their application.^[@CIT0016]--[@CIT0018]^

Therefore, the purpose of our research was to compare the effectiveness of using different methods in reducing blood loss.

Material and methods {#S0002}
====================

The total number of 110 patients (average age of 56.2 years) were operated in our institute in the period between 2003 and 2013. The analysis included a retrospective evaluation of patients cards. There were 69 male and 41 female patients with extradural hypervascular spinal tumor. There were 56 patients with metastasis of renal cell carcinoma, 32 with multiple myeloma, 15 with plasmacytoma and 7 with aggressive hemangioma in the study. The single-level tumor lesions were mainly located in the thoracic spine (n = 74; 67.3%) and less percentage in lumbar spine (n = 36; 32.7%).

We decided to evaluate possible parameters in a surgically homogeneous group of patients ([Table 1](#T0001){ref-type="table"}).

###### 

Patients' demographic data.

                          Group 1                      Group 2                                         
  ----------------------- ---------------------------- ------------------------- --------------------- ----------------------
                          Subgroup 1PD                 Subgroup 1TS              Subgroup 2PD          Subgroup 2TS
  Total                   30                           27                        28                    25
  Age                     53.8±16.5                    54.6±11.2                 55.8±9.6              57.9±15.6
  Sex                     Male, 24; Female, 6          Male, 11; Female, 16      Male, 20; Female, 8   Male, 14; Female, 11
  Histology type                                                                                       
  Aggressive hemangioma   0                            4 (3.6%)                  0                     3 (2.7%)
  Renal cell carcinoma    22 (20%)                     13 (11.8%)                16 (14.6%)            5 (4.5%)
  Multiple mieloma        8 (7.3%)                     4 (3.6%)                  12 (10,9%)            8 (7.3%)
  Plasmacytoma            0                            6 (5.5%)                  0                     9 (8.2%)
  Location                                                                                             
  Thoracic spine          15                           22                        18                    19
  Lumbar spine            15                           5                         10                    6
  Procedure                                                                                            
  Method                  Angiography + embolization   Gelatin-thrombin matrix                         
  Operation               Laminectomy                  Spondylectomy             Laminectomy           Spondylectomy

To analyze the impact on blood loss, we compared the following groups of patients: 57 patients who underwent preoperative transcutaneous spinal angiography and tumor embolization (gelatin sponge particles), 1-2 days prior operation (n = 51 - 1 day, n = 6 - 2 days before). The second group consisted of 53 patients, which were treated surgically using intraoperative local hemostatic agents (gelatin-thrombin matrix). Local hemostatic agents were used only in this group.

Using the surgical principles, according to the Enneking classification, we performed 2 types of treatment options. The first is palliative considerations by wide decompressive laminectomy and percutaneous stabilization for patients with poor life expectancy, who expected the likelihood of improving the quality of life. The second is total spondylectomy with transpedicular stabilization using a posterior approach for thoracic spine or 2-stage combined approach for lumbar spine if a patient has good prognostic factors.

In the first group there were two subgroups: 30 patients with palliative decompression (1PD) and 27 with total spondylectomy (1TS). In the second group there were: 28 patients with palliative decompression (2PD) and 25 with total spondylectomy (2TS).

The inclusion criteria to the study were: the data of patients with hypervascular spinal tumors, spinal cord compression. The exclusion criteria to the study included: patients with preoperative anemia (\<12 g/dL), long postembolization time (\>3 days), coagulopathy.

The parameters under evaluation were the blood loss volume, drainage loss, operation time, hemoglobin level, possible complications and time of hospital stay. The double group comparisons were done by using independent sample Student t-test. A p-value of less than 0.05 was accepted as significant.

Results {#S0003}
=======

The average intraoperative blood loss for all embolized patients was 1175 mL (range, 400-1700 mL) in subgroup 1PD, 3012 mL (range, 1750-4900 mL) in subgroup 1 TS and it was slightly less than average in subgroups with local hemostatic agents: 2PD - 1557 mL (range, 600-2400 mL), 2 TS - 3262 mL (range, 1200-5600 mL). Nevertheless, no statistically significant difference in blood loss volume was found between groups of patients who underwent palliative decompression (p \> 0.05). In groups of patients with total spondylectomy, results confirmed a high effectiveness of preoperative embolization, as we did get significant difference (p \< 0.05).

Drainage loss was 968 mL (range, 680-1400 mL) in group 1PD compared to 464 mL (range, 310-660 mL) in group 2PD and 1223 mL (range, 700-1780 mL) in in group 1TS compared to 983 mL (range, 650-1900 mL) in group 2TS. Statistically significant difference in the average drainage loss was found between two methods of hemostasis in both subgroups (p \< 0.05).

Postoperative hemoglobin level reduce is almost equal in both groups of patients. The comparisons of the hemoglobin level are summarized in [Table 2](#T0002){ref-type="table"}.

###### 

Results.

                                Subgroup 1PD   Subgroup 2PD   p-value                                   Subgroup 1TS   Subgroup 2TS   p-value
  ----------------------------- -------------- -------------- ----------------------------------------- -------------- -------------- -----------------------------------------
  Blood loss (ml)               1175±330       1557±672       0.139                                     3012±780       3262±864       0.042[\*](#TF0001){ref-type="table-fn"}
  Drainage loss (ml)            968±411        464±127        0.008[\*](#TF0001){ref-type="table-fn"}   1223±511       983±331        0.045[\*](#TF0001){ref-type="table-fn"}
  Operative time (min)          176±33         184±26         0.203                                     340±73         334±46         0.205
  Hemoglobin level                                                                                                                    
  Preoperative (g/dL)           13.65±0.84     13.32±0.94     0.342                                     13.6±1.42      13.56±0.96     0.081
  1 day postoperative (g/dL)    10.78±1.4      10.04±1.93     0.265                                     10.83±1.72     11.96±1.21     0.092
  1 week postoperative (g/dL)   12.01±1.21     12.04±1.04     0.934                                     11.23±1.29     12.1±0.54      0.07

Significant difference between groups

Postoperative complications were also nearly equal in the groups ([Table 3](#T0003){ref-type="table"}). While in the group 1PD, a patient developed irreversible neurologic deficits after embolization (Frankel D to A). Although preoperative embolization is a relatively safe procedure, there still remains risk of cord ischemia.

###### 

Complications and hospital stay.

                                  Subgroup 1PD   Subgroup 2PD   p-value                                   Subgroup 1TS   Subgroup 2TS   p-value
  ------------------------------- -------------- -------------- ----------------------------------------- -------------- -------------- -----------------------------------------
  Hematoma (reoperative cases)    1              2                                                        3              1              
  Infection (reoperative cases)   1              1                                                        2              1              
  Neurological deficit (cases)    1              0                                                        1              0              
  Hospital stay (days)            32.6±10        27.2±7.2       0.012[\*](#TF0002){ref-type="table-fn"}   39.4±20.5      36.5±5.7       0.049[\*](#TF0002){ref-type="table-fn"}

Significant difference between groups

The average hospital stay was significantly less (p \< 0.05) in groups with local hemostatic agents (2PD, 2TS) compared to groups with embolization. The length of hospital stay in embolized groups was longer due to longer preoperative period. It was mainly affected by queuing to angiography.

Discussion {#S0004}
==========

Bleeding and blood loss in surgery of hypervascular spinal tumors is an important problem. The majority of orthopedic surgeons believe that vertebral body replacements became feasible with the introduction of modern embolization techniques. Preoperative tumor embolization is a standard for surgery of hypervascular spinal tumors.^[@CIT0019]--[@CIT0023]^ Nonetheless, not all sources of intraoperative bleeding can be controlled by means of arterial embolization. Difficulties in accessing the operation field and networks of venous structures and technical problems provide a small residual risk of massive hemorrhage even if the tumor itself is completely excluded from the arterial circulation.^[@CIT0024]^ Moreover, embolization creates a window of ischemia in which the patient has tissue thromboplastin and necrotic tissue factors mobilized into their inflammatory milieu that can enhance the risk of disseminated intravascular coagulation.^[@CIT0025]^

A few studies have showed wide divergence of intraoperative blood loss after embolization and decompression laminectomy. Kato et al. reported that intraoperative blood loss after preoperative embolization was twice less than in group without preoperative embolization.^[@CIT0026]^ Schmidt et al. concluded that for patients with tumor reduction, who underwent preoperative embolization, mean blood loss was 2350 mL.^[@CIT0027]^ Robial et al. showed average blood volume in suction, for patients with embolization in group with renal cell carcinoma, was 1175 mL.^[@CIT0028]^ We found no statistically significant association between the two methods in subgroups (1PD and 2PD) where palliative decompression was performed. It is possible, conducting palliative considerations, the indications for embolization of hypervascular tumors could be reconsidered in the future, as local hemostatic agents provide adequate control of bleeding. Rejection from additional invasive procedure will reduce the surgical risks for oncology patients who are often in poor general condition. In the subgroups (1TS and 2TS) where total spondylectomy was performed difference between the two methods was statistically significant, local hemostatic agents did not provide adequate blood loss control. If we plan total spondylectomy, the use of preoperative embolization is recommended to reduce the risk of excessive intraoperative blood loss. However, Eck et al. said that if an en bloc extralesional resection is planned, preoperative embolization may not be necessary.^[@CIT0025]^

Hemoglobin level. There were no significant differences between the groups in the first postoperative day and week. As a result, it was not possible to obtain informative data about hemoglobin level.

The operation time, which could be potentially associated with the invasiveness of surgery, was not significantly different between groups. In our results operation time was similar to other studies.^[@CIT0026],\ [@CIT0029]^

Poor postoperative hemostasis may develop wound hematomas. Accumulation of blood in the wound causes the risk of infectious complications.^[@CIT0030]^ It was proved that drainage loss was significantly less in the subgroups (2PD and 2TS) where intraoperatively local hemostatic agents was used. Better local hemostasis after local hemostatic agents is possible explanation. There were cases of revision operations caused by hematomas in these series of patients, but their number and distribution in groups could not estimated.

Some experimental studies showed no neurological complications after ligation or embolization of 3-5 pairs of arteries which may supply spinal cord arteries.^[@CIT0031]--[@CIT0033]^ However, blood supply to the spinal cord has different variants of vascular network structures, and in some borderline cases there is a risk of ischemia. Hence the development of angiography equipment, improvement of quality and algorithms of intraoperative imaging, lidocaine tests, preoperative embolization is considered to be a relatively safe procedure. Nevertheless, the risk of severe iatrogenic neurological complications of this method remains up to the present day. Neurological complications occur in approximately 2% of patients following spinal angiography and local or systemic complications in 4 to 10%.^[@CIT0010],\ [@CIT0034]^

According to Kato et al., we should schedule the spinal tumors surgery on the same day as preoperative embolization. The surgery should be started as early as possible the following day if for any reason it had to be delayed after the embolization.^[@CIT0007]^ We excluded patients with postembolization period of more than 3 days from the study for the following reasons. Firstly, there was recruitment of collateral blood flow, a redistribution of blood flow, revascularization of a tumor. Secondly, the gelatin sponge, embolic material used, can be degraded by enzymatic pathways during this period. As a result, we had catastrophic blood loss up to 12000 mL operating patients with long (more than 3 days) postembolization period.

Hospital stay and cost of surgery is much higher in the groups with embolization because time for evaluation and preparation is usually needed for these patients.

One of the limitations of the current research is that it is a retrospective analysis of patients' records. Another restriction was that we evaluated mixed types of tumors.

Due to the small number of patients we did not divided patients into groups, depending on the extent of soft tissue tumor component (WBB classification layer A). However, tumor extension beyond the vertebral body may increase the risk of excessive intraoperative blood loss. This problem should be considered in the future research.

The overall results showed that the prevention of massive bleeding by local hemostatic agents depends on the type of surgery. Preoperative embolization can be avoided if we perform only palliative decompression in management of hypervascular spinal tumors.

Conclusions {#S0005}
===========

Local hemostatic agents demonstrated a good control of hemorrhage. The research proves that for patients with hypervascular spinal tumors, who underwent palliative decompression, there is no significant difference between two methods of reducing blood loss. Therefore, we do not see reasons to use expensive and risky procedure of embolization for such patients. While for patients with total spondylectomy preoperative embolization is efficient to reduce intraoperative bleeding.
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